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Abstract

Purpose of Review Cutaneous squamous cell carcinoma is the second most common dermatologic malignancy worldwide. A
major risk factor for development of new lesions and more aggressive disease is immunosuppression. This study is aimed at
summarizing the current knowledge of the treatment of cutaneous squamous cell carcinoma of the head and neck (¢CSCCHN) in
immunosuppressed patients.

Recent Findings As the variety of pharmaceutical alternatives for immunosuppression expands, the application of immunosup-
pression has increased. As the population at risk for cSCCHN due to immunosuppression has increased, our understanding of
link between immunosuppression and cancer has expanded. In addition to surgery, adjuvant radiotherapy and systemic therapy
remain major players in high-risk patients with cSCCHN. While immunotherapy demonstrates promise in immunocompetent
c¢SCCHN patients, its role in immunosuppressed patients still needs to be delineated.

Summary Immunosuppressed patients are at higher risk of developing synchronous ¢cSCCHN, each with an increased risk of
recurrence. While surgery remains mainstay of treatment, further understanding is required to delineate the evolving role of

adjuvant and potentially neoadjuvant therapies.
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Introduction

Nonmelanomatous skin cancer is the most common cancer
worldwide. Squamous cell carcinoma represents the second
most common type of skin malignancy, after basal cell carci-
noma, and represents approximately 20% of all skin malig-
nancies [1]. There are approximately 700,000 new cases of
cutaneous squamous cell carcinoma (cSCC) per year in the
USA [2¢¢]. The most common site of ¢SCC is the head and
neck, and treatment can be especially challenging due to cos-
metic and functional concerns [3].

While treatment of ¢cSCC of the head and neck (cSCCHN)
is often adequate with surgical excision, there is a subset of
disease that is more aggressive, requiring more extensive sur-
gical resection and potential adjuvant treatment. The National
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Comprehensive Cancer Network (NCCN) guidelines outline
high-risk features, which includes pathologic and patient fac-
tors, such as immunosuppresssion [4]. Immunosuppressed pa-
tients are at a 65- to 100-fold increased risk of developing
¢SCC [5]. While the incidence of basal cell carcinoma is 4:1
in the immunocompetent population, this ratio is reversed in
the immunosuppressed population, with cSCC 4 times more
common than basal cell carcinoma [6]. Notably, the risk of
c¢SCCHN is estimated to increase by 5% annually after solid
organ transplantation [7]. This review is aimed at summariz-
ing the current knowledge about the epidemiology, outcomes,
and treatment options in immunosuppressed patients with
c¢SCCHN.

Defining Immunosuppression

When considering the epidemiology of cSCCHN in immuno-
suppressed patients, definitions of immunosuppression vary
according to the cohort studied. Organ transplant patients are
known to be at an increased risk of cSCCHN. Organ trans-
plant recipients are 65—-100 times more likely to develop
¢SCC compared with the general population [8]. Within
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10 years of transplantation, 30% of patients with transplants
have ¢SCC, and, within 20 years, 70% are affected [9]. As
well, in patients that have developed a nonmelanomatous skin
cancer, 75% develop another within the next 5 years [10]. It is
not uncommon for immunosuppressed patients with ¢cSCC to
develop innumerable skin malignancies and premalignancies
(Fig. 1).

The risk of cancer in patients undergoing organ trans-
plant is proportional to the amount of immunosuppres-
sive therapy required. As such, patients with heart trans-
plants are at a greater risk than lung transplant patients,
who are at a greater risk than renal transplant patients
[6]. In addition, administration of voriconazole, an anti-
fungal used prophylactically in patients with lung trans-
plantation, may further increase the risk of ¢SCC. In
one study, voriconazole use resulted in a 73% increased
risk of ¢cSCC among patients with lung transplants [11].
This effect has also been demonstrated in patients un-
dergoing a hematopoietic stem cell transplant [12].
However, despite this increase in incidence of c¢SCC,
there is no effect of voriconazole use on mortality
[11]. This is likely because voriconazole is an effective
prophylactic for aspergillus infection, and the increased
risk of cSCCHN is counteracted by the decreased mor-
tality of opportunistic pneumonia.

In patients with organ transplantation, race is a major pre-
dictor of risk of ¢SCC [5]. In a study of 259 non-Caucasian
patients with organ transplantation, only 5.8% had a
nonmelanomatous skin cancer or premalignancy. Of these pa-
tients, only one had a ¢SCC. Thirteen patients had cSCC in
situ, which may reflect the increased screening of these pa-
tients in this prospective cohort study. cSCC most usually
presents in sun-exposed areas in the Caucasian population.
Though this is mirrored in the Asian population in this cohort,
all lesions in the African-American population were found in

Fig. 1 Patient with immunosuppression demonstrating multifocal,
aggressive cutaneous squamous cell carcinoma of the scalp
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sun-protected areas. Therefore, though the risk of ¢cSCC still
exists in non-Caucasian organ transplant patients, their pattern
of presentation differs widely.

Another source of immunosuppression is in patients with
hematopoietic malignancies. Patients with chronic lympho-
cytic lymphoma (CLL) have an 8—10 times risk of developing
c¢SCC compared with the general population [8].
Hematopoietic malignancies result in immunosuppression
due to the disease itself, but also treatment for the disease.
For example, CLL causes downregulation of CD40 ligand
on T lymphocytes and increases levels of IL-2. This results
in poorer antibody production resulting in a dampened im-
mune response and increased susceptibility to malignancy
[13]. In addition, agents used to treat CLL may also result in
immunosuppression, though there does not exist clear evi-
dence of a correlation between treatment using alkylating
agents or nucleoside analogs and cSCC [13]. In patients with
multiple myeloma treated with immunomodulating agents,
there is a 2.44 times increased incidence of ¢SCC compared
with patients without multiple myeloma [14]. Lastly, in pa-
tients with chronic lymphocytic leukemia, high-stage leuke-
mia staging was found to be an independent predictor of worse
c¢SCC-specific disease-free survival [15].

While organ transplantation and hematopoietic malignan-
cies are the most commonly investigated causes of immuno-
suppression in patients with cSCC, other causes of immuno-
suppression are important to consider. In patients with auto-
immune disease, there is an observed increased in incidence of
¢SCC. In patients with rheumatoid arthritis, treatment with
tumor necrosis factor (TNF) alpha inhibitors demonstrated a
1.5 times increased risk of nonmelanomatous skin cancer [16].
There was also observed an increased risk with NSAID or
glucocorticoid steroid use, but to a lesser degree [17]. TNF
alpha inhibitors have also been demonstrated to increase risk
of ¢cSCC in patients with psoriasis [18]. In 5,889 patients treat-
ed systemically for psoriasis, those using biologic agents were
86% more likely to have a diagnosis of cSCC compared with
those without biologic use [18]. Among biologics, TNF alpha
was the most common agent. Thiopurine use has also been
demonstrated to increase the risk of nonmelanomatous skin
cancer in patients with inflammatory bowel disorders and pso-
riasis [19].

Atopic dermatitis is another autoimmune disease for which
systemic immunosuppressant therapy is used for disease con-
trol. Atopic dermatitis patients on immunosuppressive medi-
cations demonstrated an 8.8 times increased incidence of
¢SCC compared with the general population [19]. This was
especially high in patients undergoing monotherapy with cy-
closporine A, who had a 25.3 times increased incidence of
¢SCC compared with the general population. Unfortunately,
the control population was derived from a cancer registry
without further details of important risk factors for cSCC such
as ultraviolet radiation exposure and Fitzpatrick score.
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Human immunodeficiency virus (HIV) is major reason for
immunosuppression. While ¢cSCC is not considered an ac-
quired immunodeficiency syndrome (AIDS)-defining malig-
nancy, cSCC is the second most common non-AIDS-defining
malignancy and is present in 12% in a cohort of 133 patients
with any non-AIDS-defining malignancy [20]. As well, in a
large cohort study involving 6,560 HIV positive patients, pa-
tients with HIV were found to have a 2.6 times increased
incidence rate of cSCC compared with HIV negative subjects
[21].

While diabetes mellitus is an immunosuppressive condi-
tion, the best data available does not demonstrate a link be-
tween diabetes and ¢cSCC. Large longitudinal cohort studies
did not demonstrate any increased risk of ¢SCC in patients
with type 2 diabetes [22]. It should be noted, however, that this
study did not stratify according to the severity of disease.

Prognosis
Primary Disease

Patients with a history of immunosuppression not only devel-
op ¢SCC more frequently, but the skin cancers they develop
behave more aggressively. In organ transplant recipients, skin
cancers grow faster, have a higher propensity for distant and
regional metastasis, and demonstrate more adverse pathologic
features [6, 9]. Immunosuppressed patients with cSCCHN
treated with surgery and radiation have a higher proportion
of poorly differentiated disease compared with the immuno-
competent patients [2¢¢]. Immunosuppressed patients with
c¢SCCHN show an increased rate of lymphovascular invasion
and extracapsular extension compared with immunocompe-
tent patients [23]. Additionally, immunosuppressed patients
were also found to have increased early dermal invasion, have
more infiltrative changes, and have thicker primary tumors
[24]. Immunosuppressed patients have also been found to
have more frequent multifocal disease, more likely to demon-
strate discontinuous spread or satellitosis, resulting in recur-
rences even far away from the primary disease site [6, 10]. As
well, immunosuppressed patients are more likely to present
with nodal disease at the time of presentation [4].

Recurrent Disease

Manyam et al. studied a cohort of 205 patients, with 138
(67.3%) patients were immunocompetent and 67 (33%) pa-
tients were immunosuppressed [2¢¢]. In this cohort, 54% of
immunosuppressed patients experienced locoregional recur-
rence, compared with 17% of immunocompetent patients
(p <0.001). Among immunosuppressed patients with
c¢SCCHN, locoregional failure is the most common pattern
of failure (47%), followed by local recurrence (45%) [2°°].

The rate of distant metastatic disease was not different be-
tween the two groups. Two-year locoregional recurrence free
survival rate was worse for immunosuppressed patients
(38.7%) compared with immunocompetent patients (86%,
p <0.001). This difference did not translate into a difference
in overall survival between the two groups. In this cohort,
immunosuppression continues to be a predictor of
locoregional recurrence after adjusting for recurrence status,
tumor cell differentiation, and presence of perineural invasion
[2¢].

Varra et al. confirmed the importance of immunosuppres-
sion in patients with cSCCHN using a cohort of 76 patients
with known nodal disease at baseline. Comparing 57 (75%)
immunocompetent patients with 19 (25%) immunosup-
pressed patients, immunosuppression was found to be an in-
dependent predictor of poor disease-free survival, after con-
trolling for prior receipt of chemotherapy [25]. In another
study, immunosuppressed patients were found to have a 1.6
times increased risk of regionally or distantly metastatic dis-
ease [19]. Unfortunately, once an immunosuppressed patient
has experience regional recurrence of their disease, prognosis
was poor, advocating for aggressive treatment in this cohort
[260¢].

Due to the aggressiveness, persistence, and relapsing na-
ture of the disease, cSCC is the major cause of mortality in
heart transplant patients. In these patients, approximately 27%
of deaths can be attributable to skin cancer [13].

Treatment Options

Studies focusing on treatment of cSCC in immunosuppressed
patients are lacking (Table 1). However, principles of treat-
ment derived from studies focusing on immunocompetent pa-
tients guide treatment recommendations in immunosup-
pressed patients.

Prevention

Primary prevention by decreasing exposure of risk factors is
the most effective method of decreasing cSCCHN in immu-
nosuppressed patients. In all patients with risk factors of
¢SCC, and furthermore in immunosuppressed patients, sun
protection should become a regular part of life. In patients
with organ transplantation, 90% of ¢SCC presents in sun-
exposed areas [6]. Thus, all clinical guidelines suggest avoid-
ance of sunburn, intentional tanning, or unnecessary ultravio-
let exposure [6, 33]. In addition, high-SPF, broad-spectrum
sunscreen and sun-protective clothing is necessary.

Despite the emphasis on preventative techniques for cSCC
in clinical guidelines, patient education is lacking [34].
Despite a standard posttransplant skin education program, on-
ly 66% of patients recalled having received advice about sun
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Table 1 Studies investigating

Cohort included

Treatment

Summary of results

treatment for cutaneous Author Type of study
squamous cell carcinoma in ] ]
immunosuppressed patients Bavinck Randomized
et al. [27] controlled
trial
Euvarad Randomized
et al. [28] controlled
trial
Jirakulaporn ~ Retrospective
etal. [29] case series
Ulrich et al. Randomized
[30] controlled
trial
Ulrich et al. Randomized
[31] controlled
study
Willey et al. Prospective
[32] case series

44 patients with

Acitretin30 mg

Decreased occurrence of

renal daily x 6 ¢SCC but poor duration of
transplantation months vs. response
placebo
100 patients with Sirolimus vs. HR 0.37 (95% CI=0.16-0.85)
renal carcineurin ¢SCC-free survival of
transplantation inhibitor sirolimus group compared

15 patients with

Oral capecitabine

with a calcineurin inhibitor
group
Following treatment,

solid organ 1 g/m? incidence of lesions
transplantation BID x 14 days decreased by 0.33 times

43 patients with Topical 62% clearance of actinic
renal, liver, and imiquimod keratosis with topical
heart 3x/week vs. imiquimod vs. 0% with
transplantation placebo placebo

32 patients with Topical 42% complete clearance of
solid organ diclofenac vs. actinic keratosis vs. 0% in
transplantation placebo placebo

12 patients with Cyclic 79% reduction in ¢cSCC and
solid organ photodynamic ¢SCC in situ at 12 months
transplantation therapy and 95% at 24 months

protection following liver transplant surgery and only 48% of
patients recall being told about the increased risk of skin can-
cer. Though 78% used sun protection and 66% patients used
sunscreen, 68% of those used sunscreens with sun SPF ratings
lower than recommended. With the high incidence of
c¢SCCHN in transplant populations and the relative ease of
proper sun protection, frequent education from all providers
involved in the care of immunosuppressed patients may im-
prove adherence.

Systemic retinoids have been investigated in patients
with multiple (5—10/year) cSCC [13]. Retinoids have
demonstrated an effect on premalignant lesions. In a
randomized, phase II clinical trial of systemic retinoids
in 39 patients with renal transplantation, patient treated
with retinoids demonstrated a decreased incidence of
c¢SCC [27]. This effect was greatest in patients with a
history of skin cancer. However, the duration of the
response was limited. Following discontinuation of sys-
temic retinoids, many patients had a relapse of lesions.
The lack of duration of response, as well as possible
side effects from long-term treatment with systemic ret-
inoids, has limited the broad acceptance of this
treatment.

Capecitabine, an oral prodrug of 5-fluorouracil, has also
been investigated in patients with organ transplants [29]. In a
small study, capecitabine was found to decrease the incidence
of ¢cSCC and premalignancies during immunosuppressive
treatment after solid organ transplant. As well, the side effect
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profile was much more tolerable, with a median treatment
time of 12.9 years, demonstrating greater promise of
this treatment for immunosuppressed patients.

Changing Immunosuppressive Regimens

A major component in the development of cSCC in patients
with organ transplantation is the amount and type of immuno-
suppressive medications used to prevent graft failure.
Calcineurin inhibitors such as cyclosporine or tacrolimus have
been noted to increase the risk of cSCC in multiple studies
[13, 35¢].. On the other hand, there has been in increased
interest in inhibitors of the mammalian target of rapamycin
(mTOR) for both its immunosuppressive and antineoplastic
properties. In a randomized controlled trial comparing
sirolimus (an mTOR inhibitor) vs. calcineurin inhibitor in
120 patients with renal transplantation [28] at 2 years, patients
on sirolimus had a longer cSCC-free survival. During this
time, there were also no observed graft rejection events.
Thus, mTOR inhibitors represent a good immunosuppressive
alternative that is effective in preventing graft failure while
also minimizing the risk for developing new cSCC.

Treatment of Premalignant Lesions
Because of the aggressive nature of skin cancers in immuno-

suppressed patients, aggressive treatment of premalignant le-
sions is warranted. As such, the threshold to biopsy a lesion
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should be low. Moioli et al. completed a histologic analysis of
129 patients with biopsy proven ¢SCC in situ [36]. Of these,
30 patients were immunosuppressed and nearly half of these
demonstrated residual disease after biopsy. As well, 6% of
patients demonstrated invasive cSCC at the time of excision.
Thus, attention should be paid to immunosuppressed patients
with ¢cSCC in situ as close biopsy alone may be not adequate
treatment and biopsy may not be representative of the true
extent of the tumor.

Local destructive techniques can be considered in actinic
keratosis. For localized disease, electrocautery and curettage
can be considered. As well, topical imiquimod has demon-
strated a 62% rate of clearance of premalignant lesions, and
topical diclofenac a 41% rate of clearance in immunosup-
pressed patients [30, 31]. For larger areas, photodynamic ther-
apy can clear an area of premalignant lesions. Following 1 or 2
treatments of photodynamic therapy, there is clearance of pre-
malignant lesions for up to 3 months in patients with organ
transplants [32, 37].

Ingenol mebutate is the active agent in Euphorbia peplus, a
novel agent used to treat actinic keratosis. A randomized con-
trolled trial was recently conducted using ingenol mebutate in
547 patients with premalignant lesions in the head and neck
[38]. In this study, 42% of patients had complete clearance of
their lesions in the treatment group, compared with 4% in the
control group. At 12 months, there was a 46% rate of
sustained clearance of actinic keratosis [39]. While the safety
and efficacy of this has not been tested in immunosuppressed
patients, the results demonstrated in immunocompetent pa-
tients demonstrate promise.

Treatment of Primary Tumors

Surgical excision is the treatment of choice for patients with
¢SCC. In the head and neck especially, cosmetic and function-
al concerns need to be considered. As such, Mohs micro-
graphic surgery may be considered for well-delineated,
carly-stage ¢cSCC for optimal tissue conservation. However,
due to the aggressive nature of cSCC, wide local excision
should also considered when appropriate [13]. It must be not-
ed that patients with immunosuppression secondary to lym-
phoproliferative disease may have obscured margins, making
Mohs micrographic surgery more challenging. In a cohort of
168 patients undergoing Mohs micrographic surgery, 55 pa-
tients had chronic lymphocytic lymphoma and 8 had organ
transplantation [40]. Patients with lymphoma were statistical-
ly significantly more likely to have dense lymphocytic infil-
trates in the tumors. Importantly, in patients with lymphoma,
there was a higher rate of subclinical tumor extension to the
margin compared with patients with organ transplantation and
immunocompetent patients.

According to the NCCN guidelines, the presence of clinical
or radiographic nodal disease necessitates neck dissection

[41]. Usually, clinically and radiographically negative region-
al nodal basins undergo active surveillance. However, in high-
risk patients, including those with immunosuppression, elec-
tive neck dissection or sentinel lymph node biopsy can be
used for risk stratification [6].

Radiation Therapy

Radiation therapy as primary treatment of cSCCHN has worse
primary disease control than surgery, but can be considered in
patients who are not surgical candidates [42]. On the other
hand, adjuvant radiotherapy plays a major role in the treatment
of high-risk cSCCHN, including immunosuppressed patients
[43]. Adjuvant radiation therapy is indicated for advanced-
stage disease, perineural invasion, and significant nodal dis-
ease with or without extracapsular extension [41]. In general,
adjuvant radiotherapy has been demonstrated to decrease the
risk of failure in lesions at an increased risk for regional and
distant metastasis. Perineural invasion is the most common
reason to receive adjuvant radiotherapy. According to a recent
systematic review, while patients with perineural invasion had
a higher rate of locoregional failure, distant metastasis, and
disease-specific death, there was no difference in outcome
with the addition of adjuvant radiotherapy after surgery [43].
Close margins were also demonstrated to have a poorer prog-
nosis, but the addition of adjuvant therapy again did not dem-
onstrate a survival benefit. These results highlight the impor-
tance of adequate surgical clearance of disease before adjuvant
radiation therapy.

Systemic Therapy

Because of the recurring nature of cSCCHN in immunosup-
pressed patients, systemic therapies have the greatest promise
for patients with multifocal disease. Despite this, systemic
therapy in cSCCHN, and particularly in those with immuno-
suppressed, is relatively unexplored. Small case series with
cisplatin-based regimens have been completed in immuno-
competent patients. Though overall response rates were prom-
ising, the duration of response was limited [44]. In the TROG
05.01 trial, the role of chemotherapy in the adjuvant setting
was tested in 310 patients who were randomly assigned to
receive radiotherapy alone vs. radiotherapy with weekly cis-
platin. No difference in 2- or 5-year survival or recurrence
outcomes was found [45]. Therefore, the role of cisplatin-
based chemotherapy in ¢cSCC continues to be controversial.
Targeted therapy, specifically epidermal growth factor re-
ceptor (EGFR) inhibitors, has also been investigated, but not
in immunosuppressed patients. A phase II study on 26 immu-
nocompetent patients with surgically unresectable cSCC was
found to have a 69% disease control rate [46]. A phase I trial
of 15 patients underwent treatment with erlotinib with radio-
therapy demonstrated minimal toxicity with similar outcomes
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to historical studies [47]. However, there has never been a
head-to-head study comparing patients undergoing treatment
with cisplatin-based vs. cetuximab [48¢].

Most recently, immunotherapy has shown promise in pa-
tients with cSCCHN. A high tumor mutational burden has
been demonstrated in patients with ¢cSCC, and these patients
appear particularly responsive to immunotherapy [49, 50]. A
recent phase I and II clinical trial using cemiplimab, an anti-
programmed death 1 (PD-1) human monoclonal antibody, in
immunocompetent patients with surgically unresectable cSCC
was completed [51ee]. This study demonstrated a 47% re-
sponse rate leading to United States Food and Drug
Administration-approved use of cemiplimab for patients with
¢SCC who are not candidates for curative intent surgery or
radiation therapy [52]. This study excluded immunosup-
pressed patients, and the role of immunotherapy in immuno-
suppressed patients remains less well defined. For solid trans-
plant patients, a 41% acute graft rejection rate was observed in
areview of immunosuppressed patients using immunotherapy
for a variety of cancers [53¢]. In patients with hematopoietic
malignancies following stem cell transplantation and active
autoimmune disease, there was an increased risk of toxicity
with treatment with immunotherapy [53¢]. On the other hand,
in patients with HIV infections and stable cell counts, immu-
notherapy is felt to be a safe treatment option [53¢]. In cSCC in
particular, there has been reported one case of pembrolizumab
use in a patient after renal transplant demonstrating a good
tumor response but acute graft rejection [54¢]. Thus, though
immunotherapy demonstrates great promise in ¢SCC in im-
munocompetent patients, its utility in immunosuppressed pa-
tients still needs to be characterized. Studies are underway
testing the local delivery of immunotherapy for cSCCHN.
This novel approach could be particularly useful in immuno-
suppressed patients.

Neoadjuvant Therapy

As our understanding of systemic therapy improves, the role
of neoadjuvant therapy continues to develop. With the in-
creased aggressiveness of cSCCHN in immunosuppressed pa-
tients combined with the cosmetic and functional constraints
of the head and neck, a neoadjuvant approach is attractive to
facilitate subsequent definitive treatment and for risk stratifi-
cation. A phase II study by Lewis et al. demonstrated a 45.5%
overall response rate in 22 patients with ¢cSCC using gefitinib
prior to surgery or radiotherapy. Neoadjuvant treatment was
generally well tolerated, with 88.2% of patients continuing to
definitive treatment. Notably, this study demonstrated that
markers for EGFR did not correlate to the level of response
to treatment. As well, no immunosuppressed patients were
included in this cohort.

With the promising findings of Migden et al.’s phase I and
II trial, there has been much interest in immunotherapy in the
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neoadjuvant setting. A phase II clinical trial is currently un-
derway, studying the use of cemiplimab prior to definitive
treatment with surgery or radiation in patients with advanced
c¢SCCHN [55]. While this study will not include immunosup-
pressed patients, understanding the role for immunotherapy as
a neoadjuvant agent may potentially change treatment para-
digms in these patients at risk for aggressive cSCC.

Conclusion

Immunosuppressed patients, including solid organ transplan-
tation, hematologic malignancies, stem cell transplantation,
autoimmune disease, and HIV, are at increased risk of
c¢SCCHN. Immunosuppressed patients with cSCCHN have a
worse prognosis with an increased risk of recurrence and
death. While the treatment of cSCCHN in immunosuppressed
patients remains primarily surgical, multidisciplinary care is
critical given the aggressive nature of this disease. As such,
novel preventative strategies and adjuvant treatment modali-
ties such as radiation and systemic therapy are warranted. The
evolving role of neoadjuvant strategies, targeted therapy, and
immunotherapy requires further exploration in immunosup-
pressed patients with cSCCHN.
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